Electron transfer and catalytic activity of nitric oxide synthases. Chimeric constructs of the neuronal, inducible, and endothelial isoforms.
The nitric oxide synthases (NOS) are single polypeptides that encode a heme domain, a calmodulin binding motif, and a flavoprotein domain with sequence similarity to P450 reductase. Despite this basic structural similarity, the three major NOS isoforms differ significantly in their rates of .NO synthesis, cytochrome c reduction, and NADPH utilization and in the Ca2+ dependence of these rates. To assign the origin of these differences to specific protein domains, we constructed chimeras in which the reductase domains of endothelial and inducible NOS, respectively, were replaced by the reductase domain of neuronal NOS. The results with the chimeric proteins confirm the modular organization of the NOS polypeptide chain and demonstrate that (a) similar residues establish the necessary contacts between the reductase and heme domains in the three NOS isoforms, (b) the maximal rate of .NO synthesis is determined by the maximum intrinsic ability of the reductase domain to deliver electrons to the heme domain, (c) the Ca2+ independence of inducible NOS requires interactions of calmodulin with both the calmodulin binding motif and the flavoprotein domain, and (d) the effects of tetrahydrobiopterin and L-arginine on electron transfer rates are mediated exclusively by heme domain interactions.